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I.

INTRODUCTION

The chemistry of carbenes

(derivatives of methylene, CI^) has

undergone a revival during the last ten years.

Interest, research and

literature in this area of organic chemistry has grown in the light of
refined technology and theory to yield new methods of preparation and
reactions for these reactive intermediates as well as new and in
triguing examples of carbene-containing systems.

Among the newest of

systems is the particularly unusual cyclopropylidene.

This small ring

carbene has inherently interesting features, and it is these same
features which have made it difficult to realize.
A divalent carbon in a three-membered ring has the possibility
of an intramolecular ring opening reaction besides the normal intermolecular carbene reactions.

It is suggested that the intramolecular

reaction path contributes to the lack of success in cyclopropylidene
generation and capture.

A n allene, the result of ring opening, then

has been the predominant product in the many unsuccessful attempts to
1

capture cyclopropylidene.

9
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^
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o

For example, Moore and Ward

first reported that the reaction of 1,1-dibromocyclopropanes with
methyl- or butyllithium in cyclohexene gives allenes but

nose of the
O

spiropentanes that would result from addition of the anticipated
cyclopropylidene to the carbon-carbon double bond.

Similar failures

to trap this intermediate have also been reported b y Logan^" who
examined the reaction of l,i-dichloro-2-alkylcyclopropanes with
magnesium metal in the presence of alkyl or aryl halides and by
1
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ABSTRACT

A study of the reactions of lithium nitride with some organic
compounds has been made to extend the rather limited knowledge of
the chemical properties of the ionic nitrides.

Only unsaturated

organic substrates were used because it was especially desired to
d e t e r m i n e 'the usefulness of lithium nitride as a reducing agent.
This nitride is of particular interest because of the unusual
oxidation state of nitrogen and because it theoretically should
be one of the strongest bases available.
t. summary of the types of organic compounds examined in
reactions with lithium nitride, and the results obtained are as
follows:

an aromatic nitro compound was reduced to azobenzene;

a £-toluenesulfonic ester underwent elimination; aromatic ketones
reacted, possibly to form ketyls,

then underwent subsequent r e 

actions; an aliphatic ketone gave secondary aldol products; an
aromatic nitrile was trimerized to a triazine; and an aliphatic
nitrile gave the Thorpe reaction.

Most of the reactions are not

new, but have not been previously observed with lithium nitride.
Only one, the formation of a triazine, appears to be suitable for
use in general laboratory practice, although all are interesting
from a theoretical viewpoint.

It is concluded that lithium

nitride does have reducing properties,

but is not especially useful

as a laboratory reducing agent.
iv
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IN T R O D U C T IO N

Inorganic bases play an important role in organic chemistry
as reactants and as catalysts.

However,

the ionic nitrides are a

group of bases whose reactions with organic compounds have received
very little study in the past, although they are interesting both
from a practical and theoretical point of view.
Ionic nitrides comprise one of three classes into which
nitrides are generally divided.^"
copper

They are derived from lithium,

(I), and all group II metals except mercury and thorium;

usually by direct combination of the elements at elevated tempera
tures; and contain, at least formally,

the nitride

(N“^) ion, which

makes them unique since this is the only simple trinegative ion
Icnown. ^
The other two classes are the covalent nitrides and the
interstitial nitrides.

Covalent nitrides include both the volatile

ones formed with non-metallic elements,

such as hydrogen and carbon;

and the non-volatile ones derived from group Ilia elements.

The

latter exist as giant molecules with structures similar to that of
carbon in diamond or in graphite, and therefore are generally very
hard and unreactive.
Interstitial nitrides are derived from transition metals in
periodic groups lib,

IVb, and Vb, along with a few similar metals

1
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from other groups.

The name "interstitial" is used because the

nitrogen atoms occupy random locations
lattice.

(interstices) in the metal

These compounds often are nonstoichiometric.

Of all the metal nitrides,
are appreciably reactive.

only those classified as ionic

These react readily with water,

for

example, while most of the others are unchanged by aqueous acid
or base.

The nitrides formed from the alkali metals should be the

m o s t reactive of all,

demonstrating strong basic,

a n d reducing properties.

Uafortunately,

nucleophilic,

the only alkali nitride

stable enough to be investigated is lithium nitride;

sodium and

potassium nitrides decompose into the elements upon being heated,
o

a n d potassium nitride is spontaneously flammable in air."1
The present investigation was undertaken to expand the rather
limited knowledge of the reactions and properties of lithium
nitride.

The m any reactions which might be studied have been

limited to those in which there was at least a possibility for
reduction to occur,
compounds,

that is, reactions with unsaturated organic

in order to determine the efficacy of lithium nitride

as a reducing agent.

s
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H IS T O R IC A L

Ionic nitrides are usually prepared by heating the metal in
an atmosphere of nitrogen.
Ouvrard,
nitrogen.

Lithium nitride was first prepared by

who heated lithium to a dull redness in a stream of
The metal will also combine slowly with nitrogen at

room temperature, but the most convenient laboratory synthesis is
that described by Masdupuy and Gallais,
in iron boats,

in which lithium, contained

is heated to 400-450° in an iron pipe through which
/,

nitrogen is passed,"’’ VJhen prepared in this way,

lithium nitride

forms as puffy lumps which are dark violet or black in color.
The crystalline nature is readily apparent upon viewing a section
of the nitride.

These characteristics differ from those exhibited

by lithium nitride prepared at room temperature, which is red and
amorphous in appearance,

but only one difference in chemical

properties has been recorded in the literature.

This involves a

curious reaction with hydrogen; when heated to 220-250°,

the

amorphous form of lithium nitride reacts with hydrogen to give
trilithium ammonium,
lithium amide,
hydroxide,

L i 2 N H 4 , while the crystalline form gives t r i 

LioN^."3

ammonia,

Both react with water to give lithium

and hydrogen.

The first report of an attempted reaction of an ionic nitride
with organic compounds was made in 1852 by Briegleb and Geuther,

3
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4

w h o found that neither absolute alcohol nor ethyl iodide would
react with magnesium nitride even when heated to 160° in a sealed
tube.^

In 1893, Smits reported that no reaction occurred with

glycerol or with oxalic a cid under these same conditions.^
Szarvasy likewise observed ethanol to be unreactive,

but found

that methyl alcohol would react with magnesium nitride to give
Q
ammonia and magnesium methoxide.

Calcium nitride has been reported

to react with ethanol,^ while lithium nitride reacts with alcohols
in general.*^

Baschowezky reported in 1893, a slight reactivity

of mag nesium nitride toward phenol,

triphenyl phosphate,

benzyl

chloride, and benzoic a n h y d r i d e . ^
The first results which indicated potential usefulness of
ionic nitrides in organic syntheses were reported in 1896 by
Emmerling, who was able to prepare acetonitrile and benzonitrile
in yields of 15% and 42%,

respectively,

a c i d anhydride with magnesium nitride.
chloride to be unreactive.13

by heating the corresponding

12

He also reported acetyl

Later Beck reported the formation of

N,N-dilithioacetamide and N-lithiodiacetamide by refluxing acetic
anhydride in carbon tetrachloride with lithium nitride for several
d a y s .13
This summarizes all the signficant studies made of the
reactions of ionic nitrides until recently, when Koenig and
co-workers became interested in investigating the possible a p p l i c a 
tions of nitrides in organic c h e m i s t r y . ^
earlier reports,

ionic nitrides,

Contrary to some of the

especially lithium nitride,

b e e n shown to react with m any types of organic compounds.
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have

To a

5

large extent,

these results have been made possible through the

discovery that certain ethereal solvents, notably diglyme
(diethylene glycol dimethyl ether), greatly enhance the reactivity
of the nitrides.

Fluorene, which would not react when heated to

its melting point with lithium nitride,

reacted in refluxing d i 

glyme to give the lithium salt; carbonation gave a 31% yield of
9-fluorenecarboxylic a c i d . ^

Phenylacetylene would not react in

benzene-ether mixture, but did so when dioxane was added to give
an 837. yield of phenylpropiolic acid, after c a r b o n a t i o n . ^
Aldehydes react readily with lithium nitride to give
products which are for the most part typical of base catalyzed
aldehyde r e a c t i o n s . ^

Thus, aldehydes capable of undergoing aldol

additions react violently at 15-20° to give mostly aldol resins,
although acetaldehyde also gave an 8% yield of crotonaldehyde,
and propionalaehyde a 3% yield of 2-methyl-2-pentenal.
aldehydes having no

Aromatic

©(-hydrogen react to form predominantly

T i s h e n k o ^ products; benzyl benzoate

(87%) and benzoic acid were

isolated in a typical run with benzaldehyde.

In addition, several

aromatic aldehydes gave rise to side-products which have not yet
been identified.
Emmerling failed to observe any reaction between acetyl
chloride and magnesium nitride,

12

^ but Koenig et al. have found

acid chlorides to react smoothly with lithium n i t r i d e . ^

Aromatic

acid chlorides react at or near room temperature to yield tertiary
amides.

Benzoyl chloride,

for example, gave tribenzamide in 14%

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

6

yield. ^

Aliphatic acid chlorides apparently do not give the

tertiary amide; acetyl chloride gave acetamide and diacetamide,
but no t r i a c e t a m i d e . ^
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D IS C U S S IO N

Lithium Nitride as a Laboratory Reagent

P ractical A s p e c t s *

When prepared in the laboratory using an

iron pipe, according to the method of Masdupuy and Gallais,^
lithium nitride forms as black lumps or blisters which are fairly
hard; but with some difficulty,

these can be chipped out of the

iron boats with a sharp instrument and ground in a mortar and pestle.
The nitride does not present any great hazards in its use;
it sparks when struck and occasionally has been observed to take
fire in air, but it does not burn violently.

When grinding

lithium nitride or when transferring a finely powdered sample,
precautions should be taken against inhaling the dust as it is
irritating to the nasal passages.
Water reacts vigorously with lithium nitride,
ammonia.

liberating

This reaction can be used to destroy unwanted nitride,

but the procedure is not recommended because the heat of reaction
may, u n d e r 1proper conditions,

cause combustion.

Atmospheric

moisture decomposes lithium nitride, but it can be exposed to the
air for several minutes without appreciable change,
not finely divided.

especially if

If it is to be stored for any length of time,

it should be placed in a vacuum desiccator or, better,

in a dry

7
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8

box.

Lithium nitride should net be brought into contact with acids

since violent reactions will result.
Lithium nitride as prepared in an iron pipe is a crystalline
compound in the hexagonal system with a = 3.658 A° and c = 3.882

A°.18

gome of the lithium nitride used in this work was supplied

b y the Foote Mineral Company.

It is prepared by passing nitrogen

through a lithium dispersion, but has the same properties described
above except that it is red-colored and appears to be amorphous.
W h ether it actually is amorphous or exists as small crystals has
no t been determined, but it seems unlikely that a compound which is
ionic a n d should have a large lattice energy would lack a crystalline
structure.
The purity of the lithium nitride prepared in this laboratory
was determined in two ways:

a sample was decomposed with water

an d both the ammonia and the lithium hydroxide formed were measured.
On the basis of the amount of lithium hydroxide formed,
was 96.24% pure; from the quantity of ammonia formed,
pure.

Thus,

the sample

it was 92.69%

lithium occurs in the material in forms other than as

lithium n i t r i d e — probably as lithium oxide, hydroxide, and carbonate.
It is possible that some free lithium is also present.
the nitride contains about 4% of other contaminants,

In addition,

the main one

n o doubt being iron, since lithium nitride begins to attack iron at
about 500°.^

The nitride from Foote Mineral Company was not analyzed

but has been reported by the company to be 96% lithium

nitride.^
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9

Theoretical A s p e c t s .

Although "acid" and "base" are two of

the most frequently encountered terms in chemistry,

there has been

much discussion as to what it is that constitutes an a cid or a base.
At first, a substance was considered to be a n acid or a base if it
had certain physiological properties,

such as a sour taste in the

case of an acid.
A significant advance in the understanding of acid-base
chemistry was made in 1877 when Arrhenius proposed that the
properties of acids are due to their ability to ionize in water to
give protons, and that the properties of bases were due to their
ability to ionize to give hydroxyl ions.

20

This theory was later

realized to be too restricted because compounds such as amines,
which obviously have basic properties, and even nitride ion,
would not be considered to be bases.

In 1923, J. N. Br^nstead

and J. M. Lowry independently proposed what has been called the
protonic concept:

an acid is defined as a proton donor, a n d a

base as a proton acceptor.

21

In this concept the nitride ion

would now be classified as a base,

for it can accept protons.

In the same year, G. N. Lewis proposed an even more general
theory which has proven more useful to organic chemists.

An acid

is defined as an electron pair acceptor and a base as an electron
pair donor.
concept,
bonds.

22

Nitride ion is also classified as a base in this

since it can donate electron pairs to form covalent
In fact, because of its position in the Periodic Table,

the nitride ion should be one of the strongest bases known.

It

would therefore be of interest if the strength of the nitride ion

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

10

as a Lewis base
be cited.

(its tendency to donate its electron pairs) could

Unfortunately, however,

one of the weak points of the

Lewis electronic theory is that it does not allow quantitative
measurements of acid-base strength apart from the reaction under
consideration.

23

In the Br^nstead-Lowry theory,

the strength of an acid or
o/

base is measured b y its tendency to accept or donate a proton.
F or an acid,

HA.

+

this is measured by the equilibrium constant,

H2 0

>

H 3 0+

+

A "

-

a H3 0+ a A~
_ _ _ _ _
a HA

The strength of a base is then usually indicated by citing the
a cid strength for its conjugate acid,

since it is a principle

of the protonic concept that the conjugate base of a strong acid
is a weak base, while the conjugate base of a weak acid is a
strong base.

25

The conjugate acid of the nitride ion is the imide

ion, but an equilibrium measurement such as has been described
is impossible to make since both of these ions react with water
to abstract a proton.

This in itself indicates that both are

strong bases, and since even the imide ion is a strong base,

it

follows that the nitride ion must be a very strong base.
Since the nitride ion must be a powerful base,
n o w arises,

the question

does lithium nitride actually contain the nitride ion?

The classifications of the nitrides which were presented earlier
are arbitrary, and the dividing lines between the groups are not

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

11

sharp.

The fact that lithium nitride is said to be an ionic nitride

does not necessarily mean that it is an ionic compound; it might
partake substantially of the character of the covalent or i n ter
stitial nitrides.

However, all indications are that lithium

nitride is predominantly ionic in nature.

Several workers who have

studied the electrolysis of fused lithium nitride have concluded
from the observed conductance and the fact that nitrogen was
liberated at the anode that the nitride ion is present.

26 27
*

Nucleophilicity is a property closely related to basicity,
although there is a difference in their definition; basicity is
measured by the position of equilibrium in a reaction with a
substrate, x*hile nucleophilicity is measured by the rate of
reaction.

28

The correspondence between the two properties is

usually close, especially for the same element or for those in
the same period of the Periodic Table.

29

Thus amide ion, being

a stronger base than hydroxide ion, should also be a stronger
nucleophile, and nitride ion should be a stronger nucleophile than
either.

This relationship does not hold when comparing elements

in different periods and is usually reversed among members of the
same family.

Hence,

the nitride ion should be weaker as a

nucleophile than a trinegative ion lower in the same family
one existed),

or might even be weaker than less basic anions

toward the bottom of other families.
basicity,

(if

Still, because of its great

the nitride ion would be expected to be a good nucleophile.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

12

In oxidation-reduction reactions, a compound with basic
properties will tend to be a reducing agent,
reducing agents are electron donors.
as losing electrons completely,

since both bases and

A reducing agent is regarded

while a base donates a share in an

electron pair without changing its oxidation state.

The nitride

ion would be expected to show reducing properties in addition to
being a base.

The position of nitrogen in the Periodic Table

indicates that it would cot be stable in the - 3 oxidation state,
an d it is rarely found in this state.

Although it is a fairly

electronegative element, nitrogen in the elemental state is
reluctant to accept electrons as is shown by the electron affinity
(for one electron) of - 0.72 ev.^0

The nitride ion therefore

should be easily oxidized, probably to elemental nitrogen;
stable diatomic molecule k n o w n . ^

the most

It is possible in some cases for

nitrogen to appear in such oxidized states as nitrate, nitrite,
nitrogen dioxide,

etc., but such products would be formed only by

strong oxidizing agents since these oxides of nitrogen are themserves considered to be oxidizing agents.

32

The usual method of measuring oxidation-reduction potentials
is n o t applicable to the nitride-nitrogen couple since it involves
the use of an aqueous solution in a cell, but a rough estimation
of the potential to be expected can be obtained by noticing that
the potential for oxidation of ammonia to nitrogen in basic solution
is 1.06 V.,

33

the positive sign indicating that ammonia is a better

reducing agent than hydrogen.

Of course,

the conditions for this

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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reaction are different from those in reactions with lithium nitride;
also the bonds in ammonia are much less polar than in lithium
nitride, but this last factor should only make the nitride ion a
stronger reducing agent than ammonia since it is more electron
rich.
There are numerous points of similarity between the binary
compounds of hydrogen and of nitrogen.
classes covalent,

Both are divided into the

interstitial, and ionic.

The ionic hydrides,

containing the hydride ion, are more stable than the corresponding
nitrides, but are still very reactive,
reducing p r o p e r t i e s . ^

In fact,

demonstrating basic and

some of the hydrides, especially

lithium aluminum hydride and sodium borohydride,

have proven to be

very useful in the laboratory as reducing agents,

toe is therefore

led to wonder if the nitrides might be similarly useful in the
reduction of organic compounds.
In view of the reactivity which the nitride ion would be
expected to demonstrate,

the question arises as to why the ionic

nitrides have so frequently in times past been reported to be
unreactive with various organic compounds.

The reason, of course,

is thac the ionic nitrides are extremely insoluble.

The nitride

ion itself is very reactive, but is apparently not available for
reaction when in its crystalline lattice.

The lattice energy for

lithium nitride would be expected to be high because of the high
oxidation state of nitrogen and because both lithium and nitrogen
are small ions;

35

therefore a large amount of energy would have to

be supplied to disrupt the lattice in any reaction with the nitride

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ion.

Other indications of the high lattice energy of lithium

nitride, besides the insolubility, are its hardness and high melting
p oint

(8 40 -8 4 5 °).

That the nitride ion is actually very reactive

is clearly shown in the fact that molten lithium nitride attacks
almost every known material,

even including platinum ana porcelain.^

A n interesting application of this reactivity was made during
World War II; a bomb was designed which contained a core of
lithium nitride surrounded by incendiary material
Thermite).

(usually

In use, the burning of the incendiary mixture supplied

enough heat to melt the lithium nitride which was then supposed to
O

C.

at t a c k a n y substance it contacted.
The problem of the unreactivity of the nitrides was partially
overcome by the observation of Koenig et a l . ^

that ethereal

solvents,

especially diglyme, enhance the reactivity of lithium

nitride.

This has allowed numerous reactions to be studied which

otherwise would probably not have taken place.

The mechanism through

w h ich the diglyme operates is not yet understood; being a powerful
solvent for ionic compounds,

it is possible that it actually

dissolves some of the nitride, but this is very improbable,
the nitride ion were to pass into solution,

for if

it almost certainly

w o u l d abstract the fairly reactive hydrogens alpha to the ethereal
linkages.

More likely,

the diglyme is able to cause reaction to

take place at the surface of the nitride, perhaps by dissolving
coatings to expose a fresh surface.
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The Reaction of Lithium Nitride with Nitro Compounds

A logical starting point in the investigation of the behavior
of lithium nitride as a reducing agent seemed to be the attempted
reduction of nitrobenzene,

since this compound is easily reduced by

a number of agents,

such as iron and water in the presence of

hydrochloric acid.

Aniline, which results from complete reduction,

is the usual product; but several intermediate compounds may be
formed under the proper conditions,
N-phenylhydroxylamine,

including nitrosobenzene,

azoxybenzene, azobenzene, and hydrazobenzene.

Lithium nitride was found to react with nitrobenzene in
diglyme,

but the reaction took place rather slowly and was

accompanied by tarring.

The principal product was azobenzene,

which was isolated in low yield; it was difficult to separate and
purify by any means other than adsorption chromatography.

A gas

was also found to be liberated which evidently was nitrogen; so the
reaction should be written:

The success of this reaction depended upon the nature of the
lithium nitride which was used;

in the first reduction, using

lithium nitride which had been prepared in this laboratory,^ the
nitrobenzene reacted essentially completely; but little if any
reaction took place when the red lithium nitride

(supplied by Foote

Mineral Company) was used, nor would any reaction occur with a n e w
preparation of the black lithium nitride.

The possibility that some

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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16

material present in the first sample of lithium nitride was
exercising a catalytic effect was essentially ruled out when
possible contaminants of the nitride were found to have no effect
on the reaction.

The only other reasonable guess is that the

crystalline surface is different in the various preparations of
lithium nitride,

one sample perhaps having more reactive sites

than the others.
It was pointed out earlier

(p. 13) that due to resemblances

in the properties of hydrides and nitrides,
to behave similarly as reducing agents.
reduction of nitrobenzene,

one might expect them

This is the case in the

for lithium aluminum hydride has been

reported to reduce nitrobenzene to azobenzene,

liberating hydrogen

instead of nitrogen.

+ 2 LiAlO + 4H.

This reaction, however,

is cleaner than the one with lithium

nitride, proceeds under more moderate conditions,
better yield

(84%) of azobenzene.

and gives a

The analogy also extends to

the aliphatic nitro compounds, where, as did lithium nitride,

lithium

OO

alum i n um hydride reacts explosively.
Due to the difficulties involved in this reaction and the
low y i eld of azobenzene obtained,

the reduction of nitrobenzene with

lithium nitride is not useful as a general procedure,

but it does

show that the nitride ion has some reducing properties.
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Reaction of Lithium Nitride with Cyclohexyl-p - toluenesulfonate

£-Toluenesulfonic esters can be reduced tinder certain
conditions.

For example, hydrogen and Rainey nickel convert

alkyl-ja-toluenesulfonates to the alcohol and various reduction
products of £-toluenesulfonic acid.

39

It seems more likely that

lithium nitride would displace the tosylate group rather than
reduce it, because this group is very susceptible to nucleophilic
attack,^

It is easily displaced by iodide,

sulphide, c y a n i d e ^

and even by such a weak base and nucleophile as
Making a comparison again with hydrides,

fluoride.^

one finds that lithium

aluminum hydride reacts with tosylates in a nucleophilic
displacement to give the alkane corresponding to the alkyl
group and the £-toluenesulphonate a n i o n

.^

The particular ester which was chosen for this reaction
would disfavor nucleophilic displacements because of the hindrance
of the cyclohexyl r i n g , ^ and might therefore a l low reduction
products to be observed.
Elimination, which is usually a competing reaction with
displacement,

represents a third possible reaction path.

The reaction of the tosylate with lithium nitride was found
to proceed smoothly in diglyme.

Only cyclohexene and a salt,

evidently lithium £-toluenesulfonate, were isolated from the
reaction mixture,

indicating that elimination occurred to the

exclusion of reduction or displacement.
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The Reaction of Lithium Nitride with Ketones

No reduction was observed when benzaldehyde was treated with
lithium n i t r i d e , ^ but this m a y be due to the ease with which
benzaldehyde reacts in other ways in the presence of a base.
Aromatic ketones might be more easily reduced by a base.
sodium hydride

Thus,

(and also lithium nitride) converts benzaldehyde

to benzyl benzoate

(Tishenko reaction); but the hydride reduces

benzophenone to d i p h e n y l c a r b i n o l . ^

Some other bases,

po t a s sium e t h o x i d e , ^ also reduce benzophenone,

such as

but there are a

nu m b e r which cleave the benzophenone molecule into benzene,
benzyl alcohol,

or other products.^b,47

When benzophenone was heated with lithium nitride in diglyme
or tetrahydrofuran,

the solution soon developed the deep blue

color characteristic of the sodium k e t y l ^ of benzophenone.
This surprising result could be explained on the basis that
there was some lithium remaining in the lithium nitride,

except

that the formation of the blue color was observed to be accompanied
b y the liberation of the proper amount of nitrogen

(presumably)

to satisfy the stoichiometry for the reaction

3(C6 H5 )2C=0

+

Li3N

---->

3(C6 H5 )2C - 0 “Li+

+

1/2 N 2

If the formation of a ketyl actually occurred,

it should be

possible to neutralize it to form the bimolecular reduction product,
AQ

benzopinacol.

Such a neutralization must be carried out under

conditions such that the pinacol is not allowed to contact any base;
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otherwise cleavage to benzophenone and diphenylcarbinol results in
AQ

a mixture which is hard to separate.

By very slowly adding a

solution of the sodium ketyl of benzophenone to 10% aqueous acetic
acid, an excellent yield of benzopinacol can be obtained,

49

but this

method gave only an oil when it was tried with the blue solution
produced from lithium nitride and benzophenone.

Analysis of this

oil by adsorption chromatography gave no pure compound and only
indicated that it was a complex mixture.

An effort was also made

to obtain the pinacol by neutralizing the blue tetrahydrofuran
solution with ammonium chloride,

but this also failed.

These results indicate that if a ketyl was formed at all,
it was present in small quantity, and that it was only coincidental
that the quantity of nitrogen liberated corresponded to the
stoichiometry expected for the formation of a ketyl.

The

liberation of nitrogen would therefore have to be due to some
other reaction,

but there is no evidence to suggest what it might

be.
When benzophenone and lithium nitride were allowed to react
in refluxing diglyme for a longer period of time, a second reaction
took place,
color.

usually about 1/2 hour after the appearance of the blue

The reaction had some of the characteristics of a free

radical reaction;

the blue solution turned brown suddenly, some

salts precipitated, and airanonia was liberated.

This reaction

proved to be even more intractable than the first one.

Benzo

phenone was isolated from the reaction mixture after treatment with
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strong aqueous acid, but this observation does not provide a great
deal of information.

The benzophenone might be unreacted starting

material, but it is m uch more probable that it results from the
decomposition of some intermediate(s).

Numerous efforts were

m a d e to isolate such an intermediate; methyl iodide was added at
the end of the reaction period to try to methylate any organolithium compounds, ammonium chloride was used similarly as a mild
n eutralizing agent, but both of these methods were unsuccessful.
Benzil reacted with lithium nitride in diglyme or in
tetrahydrofuran to give a deep red solution, which is the color
of its sodium k e t y l . ^
reaction was run and,

Diglyme was used the first time this
in this solvent,

the red color soon dis

a ppe a r ed and was replaced by a yellow solid.

These changes are

similar to those observed in the formation of benzil-disodium,
so on the assumption that benzil-dilithium had been formed, acetic
anhydride was dripped into the flask in an effort to obtain
stilbene d i a c e t a t e . ^

None of this compound was obtained and the

dilithium salt is not the product of this reaction since benzilic
acid was isolated in the third run.
In the second run and in all runs after the third, a
different manner of reaction was observed.

The solutions turned

red as before, but then, as in the benzophenone reaction,
turned brown with the liberation of ammonia.
benzophenone,

suddenly

As was the case with

this reaction was found to be difficult to work with;

a small, amount of benzilic acid was isolated in one of the runs,
but no other product could be obtained.

Methyl iodide and ammonium
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chloride were added at the end of the reaction as with b e n z o 
phenone, but the procedure led to no result.

This reaction with

benzil and the one with benzophenone were complicated b y the p r o 
duction of tars and by the anomalous behavior of lithium s a l t s . ^
Some reflection as to what could be causing the two modes of
reaction with benzil led to the hypothesis that the flask which
was used had an effect; in the runs which led to a yell o w solid,
a flask was used which had never been used for this particular
reaction, while those runs which led to the dark brown solution
used a flask which had.

However, when the reaction was repeated

in ne w flasks, it led to the brown product in every case.
Powdered glass,

etched glass,

elemental iron, mercury

sodium ion, iron

(II), and mercury

(II), iron

(III),

(I) were added to r e 

actions of lithium nitride with benzil as possible catalytic
agents,
product.

but in no case was the yellow solid formed as the endIt was never observed again after the third run.

Lithium nitride was also reacted with acetone.

The products

indicated that aldol addition had occurred; mesityl oxide and
isophorone were formed in varying proportions depending upon
the conditions.

These results conform with those observed for

other strong bases,

such as sodium amide.

52

A compound was also

isolated which apparently has not been reported before.

At first

it was assumed to be a dimer of isophorone because the infrared
spectra are very similar for both compounds, and because isophorone
CO

has been shown to dimerize in the presence of sodium hydroxide.
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This same reaction could take place with lithium nitride except
that the unsaturated compound would be expected to result.

0
OH
NaOH.
CH
C&

Li3N

CH

CH

The elemental analysis indicated that this was not the case, h o w 
ever.

In fact,

the formula obtained,

one carbon a t o m be lost.

requires that

lack of time prevented further efforts

toward the identification of this compound other than those
described.

The Reaction of Lithium Nitride with Nitriles

The carbon-nitrogen bond in nitriles presents a possibility
for reduction by lithium nitride.

Lithium aluminum hydride"^

a n d sodium borohvdride^^ reduce benzonitrile to benzyl amine, as
does hydrogen in the presence of a catalyst.
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When benzonitrile was refluxed with lithium nitride in
diglyme, a reaction occurred, but led, not to reduction, but to
trimerization of the benzonitrile to form 2,4,6-triphenyl-l,3,5triazine.

This mode of reaction was somewhat surprising, but

corresponds to that observed for sodium,
bases,

such as Grignard reagents.

57

and some other strong

It is possible that lithium

present in the lithium nitride was producing the trimerization,
but a reaction of lithium with benzonitrile showed that it is a
poor catalyst for this purpose.
It appears that the analogy which has been made between the
hydrides and the nitrides does not hold in this case,

in v i e w of

the action of the two hydrides mentioned above, but sodium hydride
has been reported to act upon benzonitrile to form the triazine
compound.
Of the various basic catalysts which have been found to
effect the trimerization of benzonitrile,

58

the best yield

(28%)

is obtained with N-methylanilinomagnesium b r o m i d e . ^
Strong acids also catalyze the trimerization of benzonitrile,
and the best method which has been reported to date for the p r e 
paration of 2,4,6-triphenyl-l,3,5-triazine used chlorosulfonic
acid at 0

to give a yield of 40%.

59

The yield using lithium

nitride was considerably better than this and therefore the method
constitutes an improvement over existing ones.

The best conditions

included stirring lithium nitride with benzonitrile in diglyme at
150° for several hours; the lower temperature apparently prevents
the formation of as many side products.
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Lithium nitride was also reacted with a n aliphatic nitrile,
acetonitrile.

Unless lithium nitride were a specific catalyst

for the trimerization of nitriles,

one would expect the Thorpe

reaction®® to occur, and the latter was in fact observed.

As has

been reported previously for reactions with sodium,®^- acetonitrile
reacted with lithium nitride in low-boiling solvents to give
primarily 3-iminobutryonitrile, and in a high-boiling solvent to
give 4-amino-2,6-dimethylpyrimidine.

Thus, no evidence of r e 

duction by lithium nitride was observed with either aromatic or
aliphatic nitriles.
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EXPERIMENTAL

Preparation of Lithium N i t r i d e .

Lithium nitride was prepared

in essentially the manner described by Masdupuy and Gallais.^
Nitrogen from a tank was purified by passing it first through a
heated pipe containing copper gauze and through a basic solution
of pyrogallol to remove oxygen.

It was then dried by passing

through concentrated sulfuric acid and over solid potassium h y d r o x 
ide and passed into the reaction chamber, which consisted of an
iron pipe about three inches in diameter and two and one-half feet
in length,

The pipe was heated in the center by Meker burners

and cooled on each end by water passing through several turns of
copper tubing.

Two boats were used to contain the lithium; the

first, a small iron boat into which 0.3 g. of lithium was placed
for the puipose of removing any remaining impurities in the
nitrogen; and the second, a stainless steel boat for the main
portion of lithium.

Following the pipe were potassium hydroxide

and concentrated sulfuric acid traps.

A vacuum flask was placed

ahead of the sulfuric acid container as a safety trap in case the
system should suck back.

A stopcock was placed at the end of the

line.
Lithium to be used in the preparation was cleaned by trimming
the edges,

then was cut into pieces of about 0.5 cc. and placed in

25
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the boats, only one piece being placed in the first boat.

After

the boats were in place in the middle of the pipe and the ends
closed tightly

(rubber stoppers were used), nitrogen was allowed

to sweep through the system for one hour.

The temperature was

then raised until the reaction started, at which point a large
volume of nitrogen was consumed suddenly, and the stopcock was
therefore closed to prevent sucking back.

After the first run,

a large balloon was placed in the line to serve as a nitrogen
reservoir for this sudden uptake.
Heating was continued for about one hour after the reaction
subsided; then, when cool,

the lithium nitride was chipped out

of the boat, ground in a mortar, and stored away from moisture
a n d air.
Analysis.

The lithium nitride was analyzed by decomposing

with -water and trapping the anmonia in standard hydrochloric acid.
A f t e r steam distilling to carry over all the ammonia,
b a c k titrated with standard base.

the acid was

The lithium hydroxide formed as

a result of the hydrolysis was also titrated.

The samples of

nitride were placed in glass tubes sealed at one end to facilitate
addi t i on to the water and to moderate the reaction.
for Li^N: Li, 59.78%; N, 39.28%.

Calculated

Found, based on lithium hydroxide:

Li, 58.78%; N, 38.46%; b a sed on ammonia: Li, 55.42%, N, 37.27%.

R eaction of Nitrobenzene with Lithium Nitride

The diglyme used in this and in all subsequent reactions was
p urified by distilling from lithium aluminum hydride, b.p.
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It was stored over sodium wire.

The nitrobenzene used was dried

with magnesium sulfate and distilled, b.p. 210.5-211.5°.
First R u n .

To a 100-ml. round-bottomed flask was added 10 g,

(0.081 mole) of nitrobenzene,

5.0 g.

nitride, and 10 g. of diglyme.

(0.14 mole) of lithium

A condenser was attached to the

flask, and the mixture was heated to reflux,

An effervescence

was soon noticed; by running a tube from the top of the condenser
to an inverted test tube, it was found that an odorless, colorless
gas was being liberated.

It would not support combustion.

After refluxing for 1 hour, 5 g.
nitrobenzene and 2.0 g.

(0.041 mole) of additional

(0.057 mole) of lithium nitride was added

to the flask and the contents were allowed to continue refluxing
for 14 hours.

The reaction mixture was dark reddish-brown at

this time, and there was no odor of nitrobenzene.

When cool,

contents of the flask were poured into 200 ml. of water,

the

A

vigorous reaction occurred with the excess lithium nitride, and
a dark oil separated.

The mixture was neutralized with h y d r o 

chloric acid, and the organic layer was taken up into ether,
which was then evaporated on the steam bath.

The dark residue

could not be crystallized and the color was not improved by treat
ment with decolorizing charcoal.

The oil was not appreciably

volatile with steam nor would it distill under reduced pressure.
Ether and concentrated sulfuric acid dissolved the dark
oil, but it was insoluble in water,
hydroxide solution.

dilute acids, and sodium

When water was added to the solution resulting
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from the test of solubility in sulfuric acid, a precipitate formed.
Because of this observation,
outi

the following experiment was carried

1.8 g. of the oil was mixed with 5 ml. of concentrated sulfuric

a c i d in a beaker and warmed on the steam cone for 10 minutes;
of water was then added to the mixture.
stuck to the sides of the beaker.

200 ml.

A black gum separated and

The liquid was decanted and the

gum was dissolved in about 20 ml. of ethanol to give a dark brown
solution.

Heating on the steam cone with charcoal for 1/2 hour

gave a yel l o w solution after filtration.
the solution and the mixture cooled,
crystals formed, m.p. 66.5-67.5°.

When water was added to

0.5 g.

(287.) of fine yellow

The infrared spectrum of these

crystals indicated that they were azobenzene and was identical with
that for azobenzene given in the Sadtler Indices.

62

A mixed

m e l t i n g point of 66.5-67.0° was observed with an authentic sample
of azobenzene.
To establish the fact that azobenzene was present in the
original oil, a small amount of the oil was chromatographed on a
column packed with activated alumina.
as the eluent.

Petroleum ether was used

Three bands soon formed;

the first bright orange,

the second dark yellow, and the last brown.

The last two moved

m u c h m ore slowly than the first, which proved to be azobenzene,
m i x e d melting point, 66.5-67.0°.

A f ter elution of the first band,

benzene was used to try to move the other two bands more rapidly.
The change was too great, however, and the bands were washed out
of the column.
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Second _Run.
_ _

_ _ _ _ _ _

The reaction of nitrobenzene
with lithium nitride
^

was repeated as before except that 40 ml. of diglyme was used and,
instead of the black lithium nitride prepared in the laboratory, a
sample supplied by Foote Mineral Company was used.
reagent,

Using this

the expected reaction failed to occur; there was no

appreciable change in color, nor was any gas liberated.
amount of the black nitride

A small

(about 1 g., all there was left from the

first preparation) was added to the flask; when the mixture was
again heated to reflux,

the changes indicating reaction were

observed.
Third R u n .

The reduction of nitrobenzene was attempted as

before, but using a n e w sample of black lithium nitride which had
been prepared in the pipe.

When the mixture was heated to reflux

it soon turned dark as before, but only a small amount of gas was
liberated.

It appeared that the reaction had ceased after only a

few minutes.

Even after refluxing for 18 hours,

nitrobenzene was still apparent.
mixture was filtered.

After cooling,

the odor of
the reaction

The filtrate was poured into water and the

insoluble part was taken up into petroleum ether.
separated,

This layer was

dried with'magnesium sulfate, and cooled in the freezer

to give some long yellow needles and some black tar.

These were

removed by filtration, but the crystals melted upon warming to
room temperature to give an oil with the odor of nitrobenzene.
Steam distillation of this solution gave a distillate containing
a yellow liquid.

This was extracted into benzene,

separated and
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20

d i stilled to give 4.4 g. of liquid, b.p. 209-211°,

20

Fo r the nitrobenzene used as starting material, n^

= 1.5503.
= 1.5507.

The

infrared spectrum indicated that the oil was recovered nitrobenzene.
Distillation of the petroleum ether from the filtrate left
only a small amount of dark brown oil.

Efforts to Find a Catalyst for the Reduction Reaction

Several reactions were tried on a small scale using about
3 ml. of diglyme,
lithium nitride

2 ml. of nitrobenzene, and 1/2 g. of black

(second preparation) to see if a catalyst could be

found which had perhaps been active in the first reaction with
nitrobenzene.

No effect was exerted by iron or by iron

A l u m i n u m chloride and iron

(III) oxide.

(III) chloride were found to react with

the lithium nitride, presumably to give lithium chloride and iron
(or aluminum) nitride.

Solid potassium and sodium hydroxide

c aused a vigorous reaction,

liberating ammonia.

was observed in the absence of nitrobenzene,

The same effect

so apparently the

base was reacting with lithium nitride to give ammonia and the oxide.

Reaction of Lithium Nitride with Nitroethane

A small amount of lithium nitride was heated in a test tube
w ith some nitroethane a n d diglyme.

This mixture soon began to

react v ery vigorously, flashing and popping.

No more investigation

was attempted using aliphatic nitro compounds because of the
violence of the observed reactions.
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Reaction of Lithium Nitride with Cyclohexyl-p - toluenesulfonate

Preparation of Cyclohexyl-p - toluenesulfonate.

This compound

was prepared by a method similar to that used by Sekera and Marvel.

64

A mixture of 41.9 g. of £_-toluenesulfonyl chloride and 22.2 g. of
cyclohexanol was cooled to 0° in a 500-ml. three-necked flask b y
means of an ice bath.
attached to the flask.

A stirrer and a separatory funnel were
The stirrer was started and 31.6 g. of

pyridine was added over about ond hour while keeping the temperature
under 5°.

After stirring for an additional hour

(the yield is

improved if the reaction mixture is allowed to warm to room
fi

s

temperature at this point J ), excess dilute hydrochloric acid was
added,

dropwise at first,

had been added.

then faster after several milliliters

The product was extracted into ether, and, after

washing with water,

the ether was evaporated at room temperature

under reduced pressure.

Petroleum ether was then added and the

ester was crystallized by placing in the freezer.

The clear

crystals were removed by filtration and dried in a vacuum
desiccator to give 30.0 g. of cyclohexyl-£-toluenesulfonate,
m.p. 41.5-43.5°

(lit.,43 43.3-43.8°).

Reaction with Lithium N i t r i d e .
flask was mixed 30.0 g,
sulfonate,
of diglyme.

1.35 g.

In a 500-ml. three-necked

(0.12 moles) of eyelohexyl-£-toluene-

(0.039 moles) of lithium nitride, and 100 ml.

The air in the flask was displaced with nitrogen*

the stirrer started, and the mixture refluxed for 2 1/2 hours.
Aft e r cooling in an ice bath,

the mixture was filtered and the
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filtrate distilled to give diglyme and 4.1 g. of cyclohexene,
b.p.

81-82°, n * ° = 1.4461

(lit.,66 b.p. 82.8°, n ^ ° s 1.44637).

Reaction of Lithium Nitride with Benzophenone

First R u n .

To a 100-ml. round-bottomed flask was added 1.1 g.

(0.032 mole) of bla c k lithium nitride,
b enzophenone

4.5 g.

(0.023 mole) of

(m.p. 47-48°), and 25 ml. of diglyme.

A condenser

was fitted to the flask, and the contents were heated to reflux.
A v e r y deep blue color soon was observed to be developing.

The

formation of this color was found to be accompanied by the libera
tion of a gas w ith the same properties as that observed for the
gas which was liberated in the nitrobenzene reaction.

After

being heated for about 1/2 hour the solution had turned brown.
Reflux was continued for a total of 2 hours; then the
reaction mixture was poured into water.

The dark brown organic

layer was taken up into ether and was washed thoroughly with water.
The solution was dried with magnesium sulfate and the ether was
distilled off to yield a dark oil which would not crystallize.
A vacuum distillation was attempted with this residue but it
began to decompose before any distillate was collected.
Second R u n .

A 500-ml. three-necked flask was fitted with

a Friedrich condenser a n d a mercury-sealed stirrer.
flask \©s added 15.0 g.

(0,083 mole) of benzophenone,

(0.086 mole) of lithium nitride,

&

To this
3.0 g.

and 100 ml. of diglyme.

*Lithium nitride from Foote Mineral Company was used in this
a n d in all subsequent reactions.
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Nitrogen was passed into the flask to displace the air,

the third

neck was stoppered, and the mixture was heated to reflux while
stirring.

Again the blue colored solution was noted which in turn

gave way to a brown solution upon continued heating.
was also noticed that the formation of

This time it

‘he brown solid was

accompanied by liberation of considerable anmonia.
At the end of three hours,

35 ml. of diglyme were removed by

distillation and the residue was poured into water.

Acidification

of the solution caused a brown oil to separate which was extracted
into ether.
evaporated,

The ethereal layer was separated,
leaving 11.0 g. of dark oil.

dried, and the ether

All of this residue was

then passed through a chromatographic column filled with activated
alumina using petroleum ether as the eluent.

Evaporation of the

petroleum ether eluent gave 8.8 g. of benzophenone, m.p. 48.5-49.4°,
mixed melting point 48.7-49.5°.

No other compound was eluted even

with more polar solvents.
Third R u n .

A 500-ml.

three-necked flask was fitted with a

Friedrich condenser and a mercury-sealed stirrer.

A rubber tube

was passed from the top of the condenser to an inverted graduated
cylinder filled with water.

To this flask was added 18.2 g.

(0.10 mole) of benzophenone,

5.0 g.

and 100 ml. of tetrahydrofuran.
displaced with nitrogen,

(0.14 mole) of lithium nitride,

After the air in the flask was

the third neck was stoppered,

the stirrer

was started, ;..td the contents of the flask were heated to reflux.
A deep blue color began to be evident after several minutes; at
about the same time, a gas began to collect in the graduated
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cylinder*

The reaction was allowed to proceed until the liberation

of gas had definitely ceased
was found to be 380 ml.

(about 36 hours).

The volume of gas

(0.016 mole using the ideal gas equation)

a t 22° a n d 746 mm. pressure after correcting for expansion.
Ammonium chloride

(15 g.) was added to the flask and reflux

was resumed for 12 more hours.

The reaction mixture was then

filtered, and the filtrate was heated on the steam cone to evapo
rate the solvent.

All efforts to isolate a pure compound from

the residue were unsuccessful.

Reaction of Lithium Nitride with Benzil

Benzil was purified by recrystallization from ethanol, m.p.
95.0-96.0°.
First R u n .

A 200-ml. round-bottomed flask was equipped with

a Friedrich condenser and a mercury-sealed stirrer.
was transferred 5.0 g.

(0.024 mole) of benzil,

of lithium nitride, and 60 ml. of diglyme.
w as displaced with nitrogen,

To this flask

2.0 g.

(0.058 mole)

The air in the flask

the stirrer started, and the contents

of the flask brought to reflux.
After about ten minutes, a deep red color began to develop.
This color slowly changed and a yellow solid appeared,

the change

appearing complete after one hour.
A separatory funnel was put in place of the stopper on the
third n e c k and 3.0 g.

(0.029 mole) of acetic anhydride was slowly

dripped into the flask,

stirring being continued.

The yellow

precipitate disappeared and a red solution remained at the end of
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this addition.

The reaction mixture was filtered while still hot,

and the deep red filtrate treated with decolorizing charcoal.

No

change in color resulted from this treatment and all efforts to
isolate any compound from the solution were unsuccessful.
Second R u n .

Into a 500-ml. three-necked flask, equipped with

a separatory funnel, a Friedrich condenser, and a mercury-sealed
stirrer, were placed 5.0 g.
50 ml. of diglyme.

(0.14 mole) of lithium nitride, and

A solution of 10 g.

(0.048 mole) of benzil

in 100 ml. of diglyme was placed in the separatory funnel.
displacing the air in the flask with nitrogen,

After

this solution was

dripped into the flask while the reaction mixture was stirred and
maintained at the temperature of reflux.
The reaction did not appear to be taking the same course
as before;

the solution turned red as before, but led to a

brown viscous solution instead of the light yellow solid.

dark
The

formation of the dark solution took place rather suddenly and
was accompanied by the liberation of anmonia.
Heating was continued for a total of 5 1/2 hours, then the
Friedrich condenser was replaced with a Nest condenser and 110 ml.
of diglyme was removed by distillation.

The reaction mixture,

when cool, was poured into about 200 ml. of ice water.

A brown

precipitate formed which was separated by filtration and washed
with water.

It was found to give a lithium flame test, and was

therefore treated with dilute hydrochloric acid.

A dark brown oil

resulted which could not be crystallized nor distilled under vacuum.
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Third R u n .

Lithium nitride was reacted with benzil as in the

previous run, except that the benzil solution was added a little
m o r e rapidly.

The course of the reaction this time corresponded

to the first run in that the final product was a yellow solid.
The addition of the benzil solution was complete after two
hours.

Keating was continued for an additional hour,

of diglyme were removed by distillation.

then 70 ml.

The residue was poured

with stirring into about 200 ml. of ice water.

Acidification of

the mixture caused a brown oil to settle to the bottom.

This was

taken up into ether, the ether layer was extracted with potassium
carbonate solution, and the carbonate layer neutralized with
hydrochloric acid to give 10 g.
solid.

Treatment with decolorizing charcoal and recrystallization

from ethanol yielded 5.0 g.
153.5°.
150°).

(still slightly damp) of brown

(45%) of clear crystals, m.p.

These were identified as benzilic acid

( l i t . , ^ m.p.

The g^-bromophenacyl ester melted at 152.0-153.0°

m.p. 152°).

152.0-

(lit.,^®

The infrared spectrum of the crystals indicated that

the compound was benzilic acid and was identical to the spectrum
given for it in the Sadtler Indices.
Fourth R u n .

69

The reaction of lithium nitride with benzil was

repeated as in the previous run in an effort to increase the yield
of benzilic acid.

The benzil solution was added over a period of

one hour, but the mixture was heated for four hours afterward.
final product this time was again the dark brown solution.

The

yie l d of benzilic acid proved to be lower this time; only 2.9 g.
of the a cid was obtained.
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Reactioa of Lithium Nitride with Acetone
First R u n .

To a 500-ml. three-necked flask equipped with a

stirrer and condenser was added 4.0 g»
nitride and 200 ml. of acetone.

(0.11 mole) of lithium

The air was displaced with n i t r o g e n s

then the stirred mixture was heated to reflux.
soon started which liberated ammonia,

A vigorous reaction

so that it was necessary to

remove the mantle and cool the flask occasionally.

A gray colored

salt formed in the flask during the course of the reaction, making
the mixture viscous and hard to stir.
the flask was allowed to cool,
about 150 ml. of water.

When the reaction had ceased,

then its contents were scraped into

The organic layer was removed and the

water layer was extracted with ether.

The combined extracts were

dried with sodium sulfate and fractionally distilled to yield
21.4 g. of mesityl oxide, b.p.
b.p.

130-131°, n^° : 1.443S7).

127-129°, n ^ ° - 1.4432

(lit.,70

The melting point of the 2,4-

dinitrophenylhydrazone was 201.0-202.2°

(lit.,7 ^ m.p. 200°).

The

infrared spectrum confirmed the mesityl oxide structure.
There was also obtained 2.1 g. of isophorone, b.p. 89° at
11 mm., n^° = 1.4751

(lit.,7^ n^p*"* a 1.4789).

of the semicarbazone was 197.5-199.0°
Second R u n .

The melting point

(lit.,7^ m.p.

199.5°).

Acetone was again reacted with lithium nitride,

but this time the acetone was added slowly to the base to try to
increase the yield of isophorone relative to that of mesityl oxide.
To a 500-ml. three-necked flask equipped as in the previous
run, except for a dropping funnel, was added 3„5 g.

(0.10 mole)
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of lithium nitride a n d 200 ml. of tetrahydrofuran.

The stirrer

w as started a n d the mixture was brought to reflux.

Through the

dropping funnel was slowly added 27 g.
Upon completion of the addition

(0.46 mole) of acetone.

(requiring about one hour) the

contents were allowed to reflux for an additional hour,
of water was added through the funnel.
m o r e minutes,

then 10 g.

After stirring for a few

the reaction mixture was filtered at the aspirator.

The salt was washed with a few milliliters of tetrahydrofuran
a n d the filtrate was fractionally distilled to give 7.0 g. of
isophorone, b.p. 82-84° at 9 m m . , n ^
1.4789).

= 1.4749

(lit.,7^

=

The melting point of the 2,4-dinitrophenylhydrazone was

129.5-131.0°

(lit.,73 m.p.

130°).

In addition there was obtained 2.9 g. of mesityl oxide,
identified only by boiling point and odor

(b.p. 127-130°).

Several grams of material would not distil over; it
solidified upon cooling.

After recrystallization from ether,

v a c u u m sublimation, and recrystallization from petroleum ether,
4.1 g. of clear platelets were obtained, melting at 127.5-128.5°.
These decolorized bromine solution and gave a precipitate with
2,4-dinitrophenylhydrazone.

The infrared spectrum was very

similar to that for isophorone.

Elemental analysis indicated

the absence of nitrogen and gave the following results for carbon
a n d hydrogen:

C, 75.47%; H, 9.977..

empirical formula of C j H ^ O .

This corresponds to an

Cryoscopic determination of the

m ol e c u lar weight gave a value of 194, which indicates the formula
to be C 1 4 H 2

2

O2 •
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Third R u n .
the previous run,

In this run, which employed the same set-up as in
the acetone was dripped into the flask very slowly

to try to increase the yield of the unidentified crystals.
hydrofuran

(200 ml.) and 5.0 g.

Tetra

(0.14 mole) of lithium nitride

were heated to reflux and 31.0 g.

(0.53 mole) of acetone was

dripped into the flask over a period of 1 1/2 hours.

The reaction

mixture was stirred at the temperature of reflux for an additional
1/2 hour,

then 20 ml. of water was dripped into the flask.

Magnesium sulfate was added to remove the excess water,
salts were removed by filtration.

then the

The filtrate was fractionally

distilled to give a trace of mesityl oxide a n d 6.9 g. of isophorone.
The residue was recrystallized from ether, vacuum sublimed, and
recrystallized from petroleum ether to give 9.2 g. of clear
crystals, m.p.

128.0-128.5°.

Reaction of Lithium Nitride with Benzonitrile

First R u n .

A small amount of benzonitrile was refluxed with

lithium nitride in a test tube using diglyme as a solvent to see
if any reaction would occur.

The mixture was refluxed for an hour.

No change was observed in the lithium nitride but the solution
turned green.

When cool,

fully poured into water.

*
the contents of the test tube was c are
A small amount of green crystals formed;

these were removed by filtration a n d found to melt at 230-231°.
This reaction was repeated on a larger scale; 5.0 g. of
benzonitrile was refluxed with 0.5 g. of lithium nitride in 2 ml.
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of diglyme for one hour.
again gave a green solid.

Pouring the reaction mixture into water
However,

solvents for recrystallization,

during investigation of various

it was noticed that the crystals

themselves were clear in color and were much more soluble in
solvents of low polarity than those of high, while the green color
was due to a green oil which was soluble in m ost solvents but
favored those of higher polarity.
The best solvent was found to be tetrahydrofuran, and r e 
crystallization from this gave 0.8 g. of clear crystals, m.p,
233.5-234.0°.

These were soluble in ether, but insoluble in water,

dilute hydrochloric acid a n d sodium hydroxide solution.

A sodium

fusion was carried out and the test for nitrogen was positive.
Some of the crystals were refluxed in alcoholic sodium hydroxide
solution but no reaction was observed.
The crystals were soluble in concentrated sulfuric acid.
A d d i t ion of water to the resulting solution precipitated crystals
melting over a wide range below 230°.

Since this seemed to indicate

that the sulfuric acid had partially decomposed the crystals, all
these that were left were also dissolved in sulfuric acid, and a
few drops of water was added.

The addition caused precipitation

f rom the solution in the immediate region of the drop, but it
redissolved upon agitation of the acid solution.
allowed to stand on the steam cone overnight.

The solution was

When a few drops

of water was n o w added, n o precipitation occurred.

It was noticed,
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however,

that a few crystals had formed around the rim of the

beaker in which the solution had been heated.

These were found

to melt at 120-121°.
Second R u n .

To a 200-ml.

three-necked flask equipped with

a condenser and a stirrer was added 20 g. of benzonitrile
had been distilled, b.p.

190-191°),

nitride, and 75 ml. of diglyme.

2.4 g.

(which

(0.07 mole) of lithium

The air was displaced with

nitrogen and the contents of the flask were refluxed for 7 hours.
Crystals formed in the flask when it was allowed to stand o v e r 
night.

These were scraped out and recrystallized from tetrahydro

furan to give 5.0 g. of clear crystals, m.p. 233.5-234.5°.
A sulfuric acid solution of these crystals,

containing 10 g.

of concentrated sulfuric acid a n d 4.5 g. of the crystals, was

*
placed in a sublimation apparatus.

After adding 2 ml. of water,

the solution was maintained at 110° for 14 hours to give 1.5 g.
of a clear crystalline sublimate.

This melted at 118-120°,

120-

122° after recrystallization from water, and was soluble in
sodium bicarbonate solution.

From these data the sublimate was

tentatively identified as benzoic acid.

Part of the sulfuric

acid solution remaining was neutralized with sodium hydroxide
and heated to boiling in a test tube.

The vapor had the odor of

ammonia and turned red litmus paper to blue.
It now seemed that the original product from benzonitrile
was 2,4,6-triphenyl-l,3,5-triazine.

A comparison of the infrared

spectrum with that for an authentic sample of the triazine
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(supplied b y Mr. Robert Dunmire) indicated that this was indeed the
case.

A m i x e d melting point of 233-234° was observed with this

sample.
Third R u n .

The reaction was run in the same manner as in

the previous run to try to increase the yield.
12.0 g.

(60%) of product melting at 233.5-234.5°.

Fourth R u n .

The trimerization of benzonitrile was repeated

under slightly different conditions:

a 500-ml.

equipped w ith a Friedrich condenser,
used.

There was obtained

three-necked flask

stirrer, and thermometer was

To it was added 2.0 g. of lithium nitride, 40.0 g. of

benzonitrile, a n d 100 ml. of diglyme.
s ystem with nitrogen,

After sweeping cut the

the mixture was stirred for 15 hours at 150°.

A t the end of this heating period,

the solution was brown instead

of the green color previously observed.
Upon cooling,

the solution yielded crystals of 2,4,6-triphenyl-

1,3,5-triazine, which were removed by filtration.
to the filtrate to give a second crop.

Water was added

The lithium nitride was

removed from the crystals by washing with methanol

(the triazine

h a d been found to be virtually insoluble in this solvent) then
with water.
obtained.
29 g.

A total yield of 36 g.

(90%) of crude product was

This was recrystallized from tetrahydrofuran to give

(72.6%) of 2,4,6-triphenyl-l,3,5-triazine, m.p. 232.6-234.5°.

Reaction of Benzonitrile with Metallic Lithium

To a 100-ml. three-necked flask equipped with a condenser
a n d a stirrer was added 10 g. of benzonitrile,

25 ml. of diglyme,
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and a small piece of lithium (0.05 g.) which had been flattened
to expose more surface area.

These were heated to the temperature

of reflux and stirred for 13 hours.

The reaction mixture at this

time was blue-green in color; when it cooled no crystals formed.
The lithium was manually removed from the solution.

The addition

of water gave a green oil which would not crystallize, but upon
addition of methanol yielded 0.75 g.

(7.5%) of 2,4,6-triphenyl-

1,3,5-triazine, m.p. 232-234°.

Reaction of Lithium Nitride with Acetonitrile

Acetonitrile was purified by shaking with solid potassium
carbonate and distilling, b.p. 81-82°.
Low-boiling Solvent.

A 200-ml. three-necked flask was

equipped with a condenser and a stirrer.
(0.5 mole) of acetonitrile,

3.0 g.

and 80 ml. of petroleum ether.
nitrogen,

To it was added 20,5 g.

(0.086 mole) of lithium nitride,

The air was displaced with

the stirrer was started, and the contents of the flask

were refluxed 3 1/2 hours.

A slow evolution of ammonia and the

formation of a white solid occurred during the reaction period.
The solid material was removed by filtration and hydrolyzed with
20 ml. of saturated ammonium chloride.

The organic layer which

resulted was extracted into ether; evaporation of the ether gave
a solid which was recrystallized from ether-petroleum ether mixture
tc give 9.0 g.
m.p. 52°).

(44%) of 3-iminobutyronitrile, m.p. 52-54°

(lit.,^

Treatment with phenylhydrazine in aqueous alcoholic

solution gave the phenylhydrazone of 3-ketobutyronitrile, m.p.
104-105°

(lit.,74 m.p. 101°).
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High-boiling Sol v e n t .

To a 200-ml. three-necked flask,

equipped with a condenser and a stirrer, was added 20.5 g.
mole) of acetonitrile,
25 ml. of diglyme.

2.0 g.

(0.5

(0.58 mole) of lilhium nitride, and

The a i r was displaced with nitrogen,

the

stirrer was started, a n d the contents of the flask were refluxed
for 4 hours.
Aft e r cooling,

the solids were filtered from the diglyme.

A ddi t i on of a small amount of the salt to water gave no organic
layer, so it was hydrolyzed by stirring with anmonium chloride
in refluxing tetrahydrofuran solution for 20 hours.

The solution

was then filtered and the filtrate was heated on the steam bath
to evaporate the tetrahydrofuran.

Crystals were obtained which

w ere purified by vacuum sublimation to give 8.1 g.
crystals, m.p.
pyrimidine,

179-181°

181°).

(40%) of clear

( l i t . , ^ m.p. for 4-amino-2,6-dimethyl-

A mixed m elting point of 180-181° was observed

with a n authentic sample of 4-amino-2,6-dimethylpyrimidine, prepared as outlined by Reynolds ejt a l .

62
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C O N C L U S IO N

It must be concluded from the work which was done that
lithium nitride is of little practical value as a laboratory
reducing agent.

In many cases no reduction was observed at all.

When reduction did occur the reaction generally was unsatisfactory,
giving low yields and side-products.

Furthermore, when a reaction

took place once, it often could not be made to occur again or it
might lead to different products.

The fact that any reduction

was observed at all at least indicates that the theoretical
predictions were not completely out of line.
The results of this investigation have added to the knowl
edge of the chemistry of lithium nitride.
that lithium nitride,
reducing agent,

All indications are

in addition to being a relatively ineffectual

is also a poor nucleophile.

This is especially

indicated in the reaction with cyclohexyl-]5-toluenesulfonate.
This observation can be explained on the basis that the nitride
ion cannot effectively initiate a back-side attack while in the
crystalline lattice.

45
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. In contrast to the conditions required in most of the reactions
of lithium nitride,
surprisingly facile*

its reactions w i t h active hydrogen compounds are
This can also be explained on the basis of

steric requirements; there should be relatively little hindrance
involved for a hydrogen to move close enough to the surface of a
lithium nitride crystal to be abstracted as a proton.

Most of the reactions of lithium nitride with organic c o m 
pounds indicate that the nitride reacts as a strong base.

This

property evidently overshadows the tendency of the nitride to act
as a reducing agent.
The trimerization of benzonitrile by lithium nitride indicates
that lithium nitride can be very effectual in heterogeneous
catalysis.
A large part of the difficulty encountered in the reactions
of lithium nitride is no doubt due to the high lattice energy and
the accompanying insolubility.

Rather extreme conditions are

therefore required to get a reaction to take place at all, and
u n d e r these conditions tarring,
are often unsatisfactory.

etc. is prevalent and the reactions

If some way could be found to disrupt

the lattice of lithium nitride and a l l o w the nitride ion to react
und e r more moderate conditions,

lithium nitride might prove to be

a very useful reagent in organic chemistry.
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